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(57)Abstract: 

PROBLEM TO BE SOLVED: To perform a thermal 
process by a thermal processor which thermally 
processes a semiconductor wafer without shortening the 

lifetime of a small number of carriers. 

SOLUTION: A reaction gas introducing pipe 7 is provided ^h--^-£^p^^^6^^ ; £^ 
which introduces reaction gas into reaction pipe 11. ^ter^^S^^F^;^/ 
Semiconductor wafers 1 2 supported by a wafer support 
8 are inserted into the reaction pipe 1 1. A cooling gas 
introducing pipe 6 which blows cooling gas directly to 
the respective semiconductor wafer 12, and a cooling 
gas discharge pipe 3 for discharging the cooling 
introduced into the reaction pipe 11, are provided. 
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°CA"f>4 0 0°C|cKaSl*-5m i M-J:€)Sft5aSA<fft)*i 
5dtl:J:y'>»+V , J7057'f75i-1'A (SF*3fiS) I* 
6 0 6//sec^t>2 6. 2 9 // seclCS&fb Lf=„ JUT. C 
(DJ^lc&lbLfc&CD^.^WAS rM»7-f7$ 
■4 Aj <kffc-f„ 

[0 0 4 8] -tLT. <%0<OIIS6-CI*. 7-f7^-fA(» 
^ibLfcftiS^^x/MC, ft*A-09l::j:SJHi«ia. 

-r&fr*.. m-ss7oo°cr-a>sa«is^iSLfci:c 

£&ll"<)\,-Q$>i>e 7 3. 4^seo(c*r*0SLfc. * 
fc. ^<*A-09l-J:i>S»fliS<»SJ*. 7-f7$-f 

[0049] C<DJ;5I-, '>SJ+V'J7'<D ; 5-1'7 5f-l'A 

i*. JsatoawiitTicffoT-s^iburt. -eto^iiiE 

o wilcj; y toXSrofitir *-r?0^$ t»- 
SCtA<r-#§. JUT. '£it8.=y>( 7^-<A(O0ffl$B 

M£ urtT^ -shifts ^ ri5i^i»fii3iij tftu * 

7-f7$-<A$ riais^^-i'^^-i'Aj tfti-To 
[0050] ^ic, isiafflf»ffliS-effl^p,tL^sst. 

ofco 01 11*. m»<D^i9«:'7x/Mc-Dt,''r. 
$t-<A<oa«8<ai:. &<bife7-f 7^-CAt. SgftT-f 
P^-<Ai:^*tltLr^Lfc0^^-ro 01 liefer 

e.4xfcs/s-cfe*. -f 01 n^^-rBm^^'f 

7^-fAI*. '&it1kH 7$^A£. A-01-A-03. A 
-05. A-O7~A-O9<7>{5r^(D^^)l^f=0fflffl}»S!i 
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[005 1] 01 1 \Z7jiir&olz s E&fflS&i&a-rjJHl^ 
e.*l-S»SSA<4 0 0°C*f=l*4 5 0°CT?fc*^l*. £ 

<b& ^ -f 7 * a t lenas^ -c ^ * -r a t <7>r B ii-5& t*s 
i*s&*t<c^. ssjB&ffls^m^ttssistfs o o 

*<6 0 0°C$@^-5^-ei*. Stta^*?****^ 

[005 2] ¥3H*-5x/\1 2a>/ha^rV'JT 

^'JrO^-O^-fAl** i/'J=J>SB^<7)l*)a5l~«* 

(KIT. raS^-v'JTJ tfifT) 7*<fAil:: 
iotSgSti*. KIT, ^SI-fl^^-f^^ACD 

[0 0 5 3] 01 2I4, fiSt^S^^x/McotN-C. 

SOi-to 01 2I=J31VC. fittSt-^^ttSSJtl^fliS 
<»fk<fr (&«igStU £fcl*. A-OWA-03. A-05. 
A-07~A-09. B-OK tS &lf B-OZG>ftHfr) JSLT 

mmmfr^x. /sroSIJlo-CU^i/'Ja >»<blH £ B 
H F S&m-Qt&2; L fcffi&IC;H5E L f= 7 -f V * 4 AT? 

[0 0 5 4] flil^^i/Nroil^v'J 3>K<blT? 

<bHg£(»J?E) I-. v'Jzi^Sr^U^/KvKA^S 

i*. a®4r-vur$tfau-c>«a$i±*. z.<Dt-n>. m. 

[0 0 5 5] giS-TSi:. i&S^^x/\0>a®A<->'J 
a ^mKWLT-WfrhX l^i§£l*. v 'J 3 vgBfl-i: -> 'J 

3Vffi<bMi:a>^*5a)tti§i=iEi:r. s®*-vyr<z> 

aS^r-V'JTW^-f^^'CAA^ ^-T^S-f A©¥«3fit 
L T * *T L T l> -5 „ 
[0 0 5 6] ffia^^x/\(»Sffii&aoTt^fc->U3 
>»4bKA<BHFffliSlc«fcyKE**4xfcS^I±. SaiL 
fci'UaVSiS^SWBH FT?at7*ltt^. C0>i§ 

A«**l=J:-3-C^ (terminate) £*i-Sfctf> N K*IH 
•T?*>V3>®»<oa®tt©* < ^'feo-Cl>-C*. £®*-V 



* V 'J 7<7)5 -< 7 * -f Atf^-f A<DJP«D®I=4-S. 
KE*tt®-COT5-f 7^-<AI-«UT, rtSP+V'JTCD^ 
[0 0 5 7] 01 2|C^-TJ:dlC. (Kfclggfc 
Z7 * •< A SP* * 'J 70) =y << 7 * ■< A t OWfifr t> § 

7^-fAI*. ^info^x/N^t^T^x/Mr-Dl^T 
raiJl^Cfit (1 50#sec~2 50//sec) t^oTTL^ 

i*. a®4rv , jT0) : 7-i"7a»-f'A<os. -r*^*.. ->'J 

a bis') ^3 lyWiim t OT^gB«-Ottfi§<Dgl=® 

[0 0 5 8] HSS5. ^SOTjaii-C'^t*:^! 

7^ Ai:<0H^^ffl®-ri.fctf)l-fTofc||g8lco^-C 
iftia-f*. 01 41*. ISJ11 0 Onm0>ia<blll£:rt£¥ 
^^x/N^fS^tLTffofcTDS (Thermal Desorp 
ti on Spectrometry) O&^&Tji-to TDSCOS^I*. 
>>'J=i>^x/\<»a®^. [,*t>ti>£/U uMit (PyroK 
<b) (D^T-^b*-B-«CtlcJ:y % 1-t£t>*>. y'Ja 

★SSI^-C-^b^li-^^irlc^y^fiELfc. Z0>® % mt 
SSI*9 0 0°Ci: tfc. 
[0 0 5 9] TDSIt m^?4^»KOTEMD-WA1000£ffl 
t^r, ^Sl^— h 1 0 C/sec-e8LmM%Lfr>b 10 0 0 

H2» NH, O. HO. H20. fc J:7j:N2^ T D SCO^ 
[0 0 6 0] 11 3lZ7HTJSm^^<? h;U-(*. 40 0 
«fe<b*<*m<DffiiSilces-r-5=fe<D-C-&*tli. 

[006 1] ^2<7)|gS (0 8#RS) A^-TJ:?I=. 

'hSt*-vyr<©^-i'7$'-<Airi*. satearoagAU o 
o°c~4 5 o°c&m.X'ibzm-&iat&ittf£.cui.\ t> & 
fc. Heroism (01 i#aa) *<^«k5ic. ^^l 
fc^-f^-fAi*. N2#fflm+i?coj»fflva (©ass 
6oo o o *<fft?ti*fc*it-e. MitoMmzmm+z,,, 

Sot, ^-C^^-f AOT^ibl*. v'j3i/gp^i:v"j3 
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[0062] 3<{z>*<<j*4iitm&&mw?z>tzify<j)i5. 

Itt. <MS*"V'J7<D9-r:7*-f Arl*» rtSP^-V-UT© 
1/r=1/r b+1/r s 

[0063] HI&105ISS <0 3ifcJ:l/0 7#RB) «fc 
y . 9-f 7 * -f A r 05*<blcli"9— K±— A<^® L 
^^Ci:A<?8S**frL>*. §Sg|4<Z>$SS (01 

2#R9) «fcy. Sft«iS05^ft|c#oT9-<7^-< Ar A< 
SfeftLTl^-5«*T?t. /^U^-f^-fAr b (ffifc 

l>ftl*£#;te>*l-5. 9 -< 7** 05 SUA: 

rSi/Si02l?®J C:£lvC4r*y7;A<m*ftl= 

*yjMi-«s-e«>im. -rft*>*>, aa^f^-rA 

r 8Ok<bl=iBB-*-««0!>&**.&:|i«. 
[0064] Si/Si02*®l=fc(t-5^S i 7'l'^^'rAr 

a>,k;K§r§£<0fS£tfcSg. fe^tf^-W^aic felt £>•>',) 

(■13M) «ky, 7-f7^^ Ai:O5&<bli*IPi05^ 

T2 



Si=«fc$*<DT*i*fti^cfcj&«ttB*;h/ci*.6. «for» 
7^7ji-fAr^bt*IHIi. B*M0!>«f?f=#9 
TSi/Si02l?BI-fcL^T^'J a^ti^tfflg^W 

[0 0 6 5] Ar<0&tt;;!><Si/SiO2#®l::J3 
lt**> 'J 3 >iigfSi0>i!§^t*fi8O5§e<bl=ieH LTl^S £ 
9^79^ Ar05!»fliSSJSI=*fr-6«ifftt 

[0 0 6 6] 01 4(t, JilTOlfcBJJf-fBtN 5^^0581 

**a-r«»a»a**^-. 01 4i=jR-rj:3i=, si/s 

i02*ffll=J3Uri/Ua>fc»*tA<e#LT^-5tt88 
(BIT. r«^Aj fcfM") 05tt®&££n A . 

#tti-ci*«ftB (jut. r«^Bj tft-t) 05tt»® 

£J:tM*ttBfit&ttflftAi::a»-*'«a*£. 
*lSfiT<DB8«i: UP 1 (T) j3«fctfP2 (T) 
4. «ggBt?i C-SIH® h9-v^SSItr 

I*. & -5- *t £> ft ffl. 2fc5i(::j3l^T 

TlfcJ:i;T2(i, tMBBOMteaa. fc«fct/«S7SS 

[00 6 7] 
[»1] 



Itr = J I P1(T)*n A - P2(T)* n 8 JdT ( Eq.1) 

T1 



[0068] #*»9i/m 2©^sic->g zt>mitm 

tfmmZtltzfemt. Si/Si02»BC:. *>Ua>£KSt 
05fi»<fia^ttffi*<»«$tlTl>-5. C05«ft. tt!HS 
SnAttttSSSS^ nBlCifcL-CJSt^T?. Eq. 1 !=*}(+ 

zffi&ftmm* IE t ft y . a h 9 v ztmm. i tr mimb 

*itf, &&S05*frl::#oT>Jx»4r-vU7059*7W 

a r «<«ib-*- «a* « laijjj-r s-irAt-ets. 

[0 0 6 9] ±1H05 ; E^K=J31^T, ^— aKOdftAH 
l~»1-S9*:7*^Ar0>Slt«??ttli, 1^I$P 1 
(T) 01Kttffttl:«f$4i«. IffiffltfJUt, a 

^5S^pi <T) #5 5 0^ttifi-e«*B£i#ofl-ft$ 

tLTl^ltf. £Si205*S£ (i8#i) &Bft-r«. 
•i/^©gltrl=&SS-C05S^-*<aiK.e>H. •tOTfitli, 
±E05t-r;ui=J:#i«. &f*B-01 B-02T?^ 

-c 7 * -r a £ < £<bt 4 m&i, umt •& C £ a<-c? # 
loo 70] •aaa£**«i::Ba£i*«»aa <&# 

fc»l*. S i /S i 02*® V i»)*^bMmtt><tt&LXti 



y » «/ U a >S5»05^®|C^ $*t-5 i> 'J a V? 'J 

^•&£#;L6>*tS. C05ttSg7?l*. #8g&Jt$nBlitt 
»ffi«nAl=H:LT!i5^<OT?» Eq. 1 KJSIf 

lifttfty. nm h-^vy&mtritmt&mnmfrizft 

•3tiE'>tS„ Sot. ±E05^-riH=**tW. SSlEft 

C©<k5l=. 01 4l=*-r ; E-f t JH=«fctil*. =y-<z>^-( 

[007 1] JBHftSI^7->ya>i:Kifetfl)*«l*. 
S^fliSSJeoi^jaxif- KA<*< &«ra:££Ctt< ft* 
t#x.f>*i-5„ «tot. f»«iS(DSIzS^KSX K 
•CSlSA<Tlf P>*t-5l5t\ ^»4r-vy7059-f 7$-fA 

l-li*^bAt±l:||t^^:#x^>*^■5. Kmnfflm* 
■cii. tK&AA*£t*ggB^rogi;g?it^p i (t) icitL 

Ttt@BA^C,tt^A^(0S^^ii^P2 (T) ft 

•So 8dt, ^A<SS-r-SI?fflfl*-eii->'Ja><!:K 

«t©^»*^c»<fty» 9-<7'S'-<Afl>^bA<±i: 
SKft5«t#s.e,4x* <> 

[0 0 7 2] HSI6. ?ft|c. ±E05<5itt05Tlc. 
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i7b£m3a>R*4£ttfifcU **i&l::oivc/MS**«j 

[0 0 7 3] mi <0St»l*)ilTO#IIlT;ftfiRLf=. it 
*\ ¥9tt*x/\1 2£EJS©1 1 Ot1?9 0 0 o C0)S 
*t?K<t-r-5. Sft^l 1 rtSWDgffla^N Zt 

U 5(6@1 1 tt-$ 1 t0>ffl\z<Dft$!tJl1i*%&^ 

r^ftOi/M as^ai-rs. ^spitsii^t? 1 5 

"C/mintL. S(S©1 1 <0MSPSS*<4 O 0°C£ 

^-e^sj-ri.. ±i2©^iii-e^jaLfcmi (Di4»iroiN 

fee 

[0074] m 2 CD&mi*WT<D#IIII-C-ttfi£ L fc. 5fe 
■*\ xs\1 2£Rj£©1 1 (0* 9 O O'CCOjg 

S-effiib-r^o S(B©1 1 rtSB£&£f?ffl&i: L 

fc£*. Kf&§1 1 it-* 1 £<Drai=OT*-tff3iP;tfX£ 
*lvc**t*4x/M 2£#S)-t-5. ^SPiSSUfcSFfcl'T? 
1 5 0 C/mini: U 1 1 (OWSPSISAM O 0°Ci: 

fc£*T*iaJ-r-5. ±.fSa>¥Mr«U*Lf=m2 0)ta*4lc 
olvC^-f^S-fA^SISLfci::*. 128. 8*/se 

[0075] msro&mtt&TO^MrffcfifeLfco ft 

?\ *S(*'7 x/\ 1 2 £KJS« 1 1 ro + T? 9 0 0°C<7>jg 

st?»<b-rs. sttei i rtSB^&utufflmtL 

5(B§1 1 i:fc— S« 1 &a>Ml::ftfll#*€* 
fro. Kt&lf 1 1 a»*l-*N2«)^Sl**X^AL 

rw»*>x/M 2£!fcjrr-s. ^aiaatt^-ci 5 

"C/rointL. Kl£@1 K0rtaJSS/)<4 0 0 o Cfj:-5 

t7-f 7*<f A^jffl^LfctC^. 8 18. 9//sec-e 
fcofc. |8K K«3l=O^-C0)#a<7)ailS$El1 5(C* 

■r. 

[0076] ±iB<DHiiictj^T. #ipii&ii. mmn 

1 6~1 8lc£&^=$ffi|::&oVT*i|ffl)£;h.-Cl>-S. 
J»m»1 6-1 SOT^-Sffili^tt^x/M 2l#fl) 

x/\1 2<0^;gaSli. |3t«2<7)fffiexg|rfclt-5#^ 
tt'tn/M 2 ©&SS£l::ttLT&j$T?&& <!:#*. £*i 
-5. Cfl)tSSJ:y. ^-r7*-fA$&<b£t»-fcl^SjI 
SroTEBfllli. 1 S'c/minttifiT-fcSCirAMaj-S. M 
^-r7^-fAroSfe<b$R6Jh-r*5^T?l*. SJ5§1 

1 ©rtSBir^aiTj * £ 3j < zl t tmrnx- $> & - 1 *<« 
[0077] *mt&BWi<Dmikmmmi*. -ti2<o *o < . 

^SMfc^x/M 2lcS»aia^t6Lfc^. fc—$M £KJ£ 

@i 1 fcojisu fc*t;siBgi 1 ©wssi-^si^^siE 
i*ttfs^i/\i 2^isswi^aj^-i). .fcyji 



^Sft^i/M 2lr®iE<fS»fflS$JS-r-i:A<t? 
[0 0 7 8] ir^^T?. JiflB(OlliSJKfi§-ei*, R(E@1 

**xi*ctticiss*4x-s ; fe<D^(*tE<. &3R-*>*s&su 
£ a>mm £ Mi-R&it-r * c <t # »rgg * & y „ * »j 

I*, 1msecHK<D : 7-<:?$-<A£5i&-f -5-«tA<pIt&i: 
[0 0 7 9] 

t&mmo>m ts titz^mtto x / \ £ iaswirtfjsinr * c t 

KSiSfi'C*'>Sl+ Y';7©7-f7fJ -< Alc^-T -5 &<b0> 
SS^+»i:'J^<im«flt5ctA^t5. 
[OO 8 0] It*S2SBK<7>S§MUcfctH*. ^ft^x 

ctAtfts. ^*-7x/\<o«aicKm*<ami-#ffi 
[0081] ig^ssBiEwfeiBicfctti*, s(t?g<ort 

tt^x/x^&SWIcjftSPL-C, i 5-l'Z»5'-<A<7)^^bt+ 

[0 0 8 2] IS*S4|H«<t>^^|= < J:ix|^ ^aJ#X» 

t.a>«Sfl-f6CT^<b*-|±-5Ci:l=J:y. £Jfc£<DI*lSP 
^554t-5;*iP?J^<D3iEM*^-<b-r-5-i:*<T?#^. Cfe 

[0 0 8 3] »*S5|BK©^WI=J:*tli. 

S£K)-<bf*;:i:*<-e#£„ ttot, 

[0 1 ] *SeB8<DHt6<Dfl28g 1 OT^gH*-? x/\SR«Ul 
[02] ^^©HtSOT^gSKO^^^x/x^ffllS 
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[03] ffil^<0M5aafl)¥*ft't'x/M»v- 
h «ta)l £ VcM. L X m L fc 07? & * „ 

[04] s#B-03-ej»ias**t4flii^'C / >»*A"j 

[05] &#B-02-es»fflgs*t*iim-e'>»*A''j 

[06] ^B-oi-esftffla^tt-siira-oa+^'J 
t ©5 -< ^ s << a ir H-r & sane -a fciss-e & 3 o 

[07] «va*itO>m«:i.«»(D^«:'7x/MrotN 

[08] m-asroSftsaaA^JSS+t-sflii^^^H 

[09] m-jaa<7)^«isi=>f«fri)7'r7^'rAa)ffli 
[010] ^^-rAotossffl. 'Jsittitv-iytJ 

A s fc<l:tf0£&^7*^A£ifc&L-t&Lfc0-I?fe 

-So 

[011] : ?'(7$-<A0>®m.\-M-t&9£mi&&tiift 

ik*SLf=0-efe*. 

[012] ^-r?** Aco*]«sfit«»:. m9&m^o)=7-( 

^-fAfc^it»LTStfc0t:*&*. 



[01 ] 




[013] *s*)zn,m\mz®x.%>*m&'?*t\?:n 

[0i4] 7-<p^-<Aa)Sfe<bll0$ift^-r-5fc*i- 
[015] *^wrositi(0if5Si 1 (M&mm&mx'i&m 

[016] «jfc(DSSifti^M/)<«i^*SP5g<D^«0 

[017] fit^CDf»«lSSMT?^$H/c^<*^x 

[ft^flUftW] 

1 t:-* 

2 SfUJW&P 

5 

6 ^ai^x^A^ 

7 J&fctfXagA© 

8 ^x/\7p— h 
1 1 SPE^ 

1 3 ^aj^xpaam 

1 4 v-V7— ✓s^ K 
1 5 3MP#X#ttm 
16-18 
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[01 O] 



Lifetime 



PLOTTED RANGE 



CUMULATIVE DISTRIBUTION 



Average 
Minimum 
Max i nun 
Deviation 
Median 



;606jus 
:70. 64/is 
: 974. 7/i s 
:17.9% 
;616. 6/*s 



. PI '.^ " 100 CTTT 

- - -i 1 h - - t 1 s^qa l. 

...» • • ^°7ot"' 

• ' i:7i 1 1uj80 *• 
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200 400 600 
Lifetime^ s] 
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£f*B-01 aOQ°C-*A00 0 C) 



L i f et i me 



PLOTTED RANGE 



CUMULATIVE DISTRIBUTION 



Average 
Minimum 
Maximun 
Dev i at i on 
Median 



26.29ms l0 %oEf 
10. 29ti6~M 10 i 
39.67/isujSO 

3. OOX 
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10 4--- 
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100 



L i f et i me 



PLOTTED RANGE 



CUMULATIVE DISTRIBUTION 



Average 
Minimum 
Max i mun 
Dev i at I on 
Median 



: 673. 4/1 s s«30i , , 

:76.03/is 25 r ---p---; 
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